Abstract -In this paper, three novel microwave applicator prototypes based on zero-order mode resonators are proposed for use in hyperthermia treatment of cancer. The ability of all three applicators to homogenously irradiate muscle tissueequivalent phantoms is demonstrated with results of numerical simulations, and relative performance of the applicators is compared.
I. INTRODUCTION
Based on previous research [1] , it can be stated that metamaterial (MTM) Zeroth-Order mode resonators (ZOR) can provide improved thermotherapy for cancer in several ways, by improving the homogeneity of electromagnetic (EM) power absorption, the depth of EM wave penetration, and offering the possibility of either homogeneous treatment of very large areas or conversely focusing EM power into well-defined small areas [2] .
New capabilities include, among others, the creation of electrically small applicators that can work without water filling. This could facilitate the delivery of microwave hyperthermia treatment simultaneous with 3D monitoring of temperature distribution in the patient with Magnetic Resonance (MR) thermal imaging.
Another advantage of MTM technology is that this phenomenon enables the creation of a special kind of resonator whose physical length is completely independent of the classical resonance condition (wavelength). This allows us to design the applicator with dimensions matching the clinical need and as a result of the spatial arrangement of MTM resonators we are able to radiate an almost perfect electromagnetic plane wave into the treated area. This improvement in wave propagation produces the advantage of optimizing homogeneity of power deposition within the target tissue region resulting in an improved temperature distribution throughout the treated area.
In this paper, three new geometries of microwave applicators based on zeroth-order mode resonators are proposed for hyperthermia cancer treatment. Each applicator was modeled using a well-proven commercial numerical simulator, COMSOL Multiphysics (COMSOL AB, Stockholm, Sweden), and all three applicators are mutually compared with respect to the homogeneity of power deposition induced in numerical muscle tissue-equivalent phantoms. Relative performance of the applicators is compared.
II. NEW TYPES OF APPLICATORS
All three applicators are designed for use at 434 MHz and have similar working principle. Thanks to the excitation of zero-order mode, vectors of surface current density in all inductive parts of the proposed applicators show approximately the same magnitude and phase. The radiated contributions from the all inductive parts of the applicator are in good superposition as they exit the front aperture of the applicator and combine in phase in tissue. This allows the Huygens principle to be applied to describe the resulting EM field distribution in tissue. In Figs. 1-3, the inductive parts of the applicators are denoted in yellow, including the feedlines.
The first proposed applicator (Applicator 1), shown in Fig. 1 , is based on micro-coplanar technology with four MTM unit cells. The micro-coplanar transmission line consists of signal and ground conductors. In this design a ground plane is used as well. The ground plane should suppress backside radiation of the applicator. The radiation characteristics are similar to microstrip patch type applicators. More detailed description of this structure can be found in [3] . The applicator is designed on FR4 substrate with height 1.5mm and relative permittivity 4.3. The interdigital capacitor consists of 10 fingers with length L f = 18mm; width of each finger and the gap between fingers is the same w = g = 1mm. These same dimensions are used for all three applicators proposed in this work. The length of inductive parts (denoted in yellow) is L ind = 50 mm. The interdigital capacitor is connected to the ground plane by the so called air-bridges. Thanks to the zeroth-order mode, currents flowing through the air bridges are approximately the same amplitude and phase and contribute significantly to the overall radiation. Here the shielded version of the antenna is presented which eliminates radiation to the back side. Unshielded versions can be designed as well with almost the same overall dimensions. The second proposed applicator (Applicat Fig. 2 ) is based on microstrip technology w thin and low profile applicator construc impedance of this structure at the operati about 5 ohms [4] . To improve appli coefficient, a λ/4 impedance transformer is of the impedance transformer is 107 mm. transformer increases the applicator ove from 80 mm (without the impedance 187 mm (the impedance transformer longitudinal dimension of the applicator c by using a double layered dielectric sub impedance transformer on the other side microstrips are grounded by capacitors. sed on microstrip mm for a substrate or 3) (see Fig. 3 ) ut the substrate is height h air = 7 cm.
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IV. CONCLUSIONS
In this paper, a novel principle for the design of applicators based on MTM structures is proposed. Results demonstrate that when penetrating biological tissue, EM waves generated by the proposed applicators generate very good power deposition distribution. According to the results from previous chapter we can state that the key to symmetric and homogeneous power deposition lies in feeding the structures centrally and design the applicators symmetric as in the case of Applicator 3.
